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(57) ABSTRACT 

A storage system controller (302) includes a plurality of 
media controllers (301), a local microprocessor (306), and a 
host interface logic (310), operably coupled by a multi-drop 
parallel bus. The multi-drop parallel bus includes a control 
bus (324), a payload data bus (320), a real-time ready-status 
(data ready) signaling bus (322) and a general microproces 
sor bus (330). Each media controller has a storage media 
(311) operably coupled thereto. Each media controller 
includes a parameter storage (404), a media interface circuit 
(406), a control data state machine (408), a command 
sequencer state machine (410), a media-side multi-mode 
transfer state machine (412), a dual-port memory (402), a 
memory controller (420), and a host-side transfer state 
machine (430). The host interface logic and the media 
controllers are implemented in one or more Field Program 
mable Gate Arrays. The storage system architecture alloWs 
the microprocessor to simultaneously broadcast a command 
to the media controllers, Which have a capability to substan 
tially simultaneously begin exchanging data With the storage 
media in response to the command. The storage system has 
provision for Redundant Array of Independent Disks, 
method 0, operation. 
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METHOD AND APPARATUS FOR CONTROLLING 
STORAGE MEDIUM EXCHANGE WITH A 
STORAGE CONTROLLER SUBSYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a division of and claims 
priority to an application entitled “METHOD AND APPA 
RATUS FOR ADJUSTING TIMING SIGNAL BETWEEN 
MEDIA CONTROLLER AND STORAGE MEDIA”, ?led 
Aug. 12, 2002, and assigned Ser. No. 10/217,167, Which 
application is related to and claims priority of a provisional 
application entitled “PROCESS T”, ?led May 8, 2002, and 
assigned Ser. No. 60/379,035, Which application is assigned 
to the present assignee. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates in general to computer stor 
age media, and more particularly to an architecture for 
interconnecting an array of storage media and a method for 
controlling the storage media. 

[0004] 2. Description of the Related Art 

[0005] Modern computers usually consist of one or more 
central processing units (CPUs) With local high-speed 
memory connected to input and output devices, netWork 
interfaces, and also to mass storage devices, or storage 
media, for long-term storage of programs and information. 
The CPU and storage media are connected using a host 
adapter, and both control information and the stored (or 
retrieved) data share a common data path. The CPU is solely 
responsible for sending the control information, but the data 
transfer can be handled by the CPU or by the DMA 
controller. The DMA controller of a knoWn prior art storage 
system must disadvantageously share the high-speed 
memory With the CPU. Both the DMA engine and CPU 
contend for access to the high-speed system memory, and, 
disadvantageously, each sloWs the other. Thus, What is 
needed is a mechanism that reduces the need to share the 
memory, Which Will result in higher overall throughput. 

[0006] When a prior art computer system has more than 
one storage media that operate simultaneously and in par 
allel, the CPU must send control information to each sepa 
rately and sequentially. In other Words, the CPU sends 
control information to each storage media one at a time, and 
each of these control activities Wastes some amount of time. 
Likewise, the data from each storage media is transferred 
into high-speed memory separately and sequentially, With 
each storage media performing its transfer While all others 
Wait their turn to share the data bus. 

[0007] Storage media do not alWays operate indepen 
dently. Multiple storage media are placed into arrangements 
that enhance the storage system’s data storage capacity, data 
transfer speed, data integrity, or some combination of these. 
One knoWn method is by striping, i.e., spreading the data 
across more than one storage media. The RAID 0 (redundant 
array of independent disks, method 0) con?guration can 
increase both capacity and transfer speed by striping data 
across a plurality of hard disks, and passing small portions 
of the data to each storage media in the array. All RAID 
con?gurations require tWo or more storage media and a 
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controller for each storage media. The total storage capacity 
of the array is equal to the sum of the storage capacities of 
the individual storage media. Theoretically, the combined 
data transfer rate approaches the sum of the individual data 
transfer rates. 

[0008] Most storage media in use today are based on the 
Small Computer System Interface (SCSI) or the Advanced 
Technology bus Attachment (ATA) standards. The tWo stan 
dards are similar in that they both combine control and data 
signals into the same physical signals, but differ in the 
electrical details and protocols used to connect the storage 
media to the CPU. Both require the use of a host-bus adapter 
to alloW the CPU to communicate With the storage media. A 
major difference betWeen the tWo standards is that the ATA 
standard alloWs only one or tWo storage media to be con 
nected to a single host adapter, While the SCSI standard 
alloWs up to siXteen storage media to be connected. The ATA 
interface hardWare is quite simple When compared to the 
SCSI interface hardWare. The consumer PC industry has 
adopted the ATA storage media as the standard storage 
media for most systems. The most common host adapter is 
based on the Intel 800-series chipset controller that has been 
incorporated into storage media, and is currently a standard 
subsystem in the Intel Southbridge architecture. The Intel 
800-series chipset interface alloWs the CPU to pass control 
information to the ATA storage media and adjust the timing 
of interface signals to give optimum performance. Data 
transfers may be performed by the CPU explicitly or by the 
system DMA controller, moving data betWeen the storage 
media and the system high-speed memory. A limitation of 
this interface is that in many systems only tWo 800-series 
ATA host adapter interfaces may eXist in the system together, 
and this limits the ability to create large RAID storage 
systems. The SCSI interface does not share this restriction, 
and so most RAID storage systems are created using SCSI 
interfaces, requiring a PC oWner to add a SCSI host adapter 
alongside the ATA host adapters. 

[0009] The physical medium used to store data Within all 
SCSI and ATA storage media is divided into logical blocks, 
each of Which can hold 512 bytes of data (4096 bits), and 
each logical block is given a speci?c logical block address 
(LBA). When data is transferred to or from the storage 
media, the LBA of the block is speci?ed as part of the 
control information, and only Whole blocks can be trans 
ferred. When arranged in a RAID 0 con?guration, the entire 
array is addressed using a “host” LBA (hLBA), and the 
RAID subsystem is responsible for addressing a correspond 
ing “media” LBA (mLBA) in each of the arrayed storage 
media. In those RAID systems Where the host computer is 
directly responsible for addressing the individual storage 
media, the method and process of associating hLBA With 
mLBA is contained in the RAID-subsystem device driver (a 
part of the operating system). RAID subsystem drivers are 
noW included as standard components in many popular 
operating systems. Disadvantageously, these RAID sub 
systems require a large number of host adapter connections 
to achieve the desired performance, and activation of the 
feature is often a complicated procedure. Alternative RAID 
implementations add a coprocessor to the host computer, so 
that the host device driver communicates With only one 
device directly (the coprocessor), and the coprocessor then 
commands the various media. In the latter case, the host 
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must have a device driver speci?cally designed for commu 
nicating With the coprocessor, and cannot use the standard 
storage media device driver. 

[0010] FIG. 1 illustrates a typical prior art RAID array 
100 that employs a coprocessor. The RAID array 100 is 
designed to accelerate the transfer of data betWeen the 
various storage media 102 and the memory 104 of a host, or 
computer system 106. The prior art RAID array 100 has tWo 
disadvantages: ?rst, an automated array coprocessor 108 is 
required to be connected to the PCI bus 110 of the computer 
system 106, and second, a host storage media driver 112 
must be replaced With a specially designed driver. These tWo 
disadvantages limit application of the prior art RAID array 
100 to those computer systems 106 for Which versions of the 
automated array coprocessor 108 and storage media driver 
112 have been implemented. Not all computer systems 106 
have the luxury of replacing an existing storage media driver 
112. OWners of legacy computer systems already in service 
are often reluctant to modify the computer system softWare 
in any Way, often because the quali?cation process for the 
computer system is arduous. Medical computer systems and 
other computer systems With life-and-death reliability 
requirements undergo both design revieWs and reliability 
demonstrations that are extremely expensive to repeat When 
an entire computer system must be tested. In other cases, the 
knoWledge and support tools required to modify the soft 
Ware of some older computer systems have been lost in 
antiquity and it Would be impossible to add a neW storage 
media driver regardless of the testing requirements. Thus, 
What is needed is an apparatus and method Without those 
restrictions in order to alloW the storage media to commu 
nicate With any type of host interface, and to respond to all 
host commands in a Way that is appropriate and effective. 

[0011] The RAID array 100 transfers data from each 
storage media 102 Whenever any storage media is ready to 
transfer and the packet-switched bus 114 is not being used 
by another storage media. The RAID array 100 employs a 
single, large, memory buffer 116 that is used to reconstruct 
the order in Which the computer system 106 expects to 
receive the data. This requires a complex automated array 
coprocessor 108. Thus, What is needed is a method and 
apparatus to transfer data on a common payload bus in an 
order expected by the host computer, thus eliminating the 
use of the automated array coprocessor. 

[0012] Prior art storage systems disadvantageously require 
a micro-controller and an automated array coprocessor to 
track the data request and the packets, and the storage 
system is required to re-collect the data When the storage 
media have completed transferring data. Prior art storage 
systems disadvantageously require a completion code that 
the automated array coprocessor must pass back to the 
micro-controller. Accordingly, there exists a need for over 
coming the disadvantages of the prior art as discussed above, 
including a mechanism that reduces the need to share the 
memory, Which Will result in higher overall throughput. 

SUMMARY OF THE INVENTION 

[0013] The present invention provides a storage system 
that may include a local microprocessor, and a plurality of 
media controllers, Which are all operably coupled to the 
local microprocessor; and a storage media Which is operably 
coupled to each media controller, and in Which more than 
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one media controller start to substantially simultaneously 
exchange data With the storage media to Which it is operably 
coupled, in response to a command from the local micro 
processor. 

[0014] The present invention also provides a storage sys 
tem controller for controlling at least one storage media, and 
Which the storage media controller may include: a local 
microprocessor; and a plurality of media controllers oper 
ably coupled to the local microprocessor via a multi-drop 
parallel bus, and in Which the local microprocessor sends 
simultaneously one command to the plurality of media 
controllers to cause more than one media controller to 

substantially simultaneously start to exchange data With a 
storage media to Which it is operably coupled. 

[0015] The present invention also provides a storage sys 
tem controller that may include a host interface logic; and a 
local microprocessor and a plurality of media controllers, 
Which are all operably coupled to the host interface logic via 
a multi-drop parallel bus. 

[0016] The present invention also provides in a storage 
system that has a plurality of media controllers that are 
operably coupled to a multi-drop parallel bus, and in Which 
each media controller is pre-assigned a physical controller 
number, a method, that may include the steps of: providing 
each media controller With a next physical controller num 
ber; causing one media controller of the plurality of media 
controllers to transfer data via the multi-drop parallel bus; 
causing the one media controller to announce on the multi 
drop parallel bus the next physical controller number; and 
causing another media controller of the plurality of media 
controllers to transfer data via the multi-drop parallel bus, 
Wherein the pre-assigned physical controller number of 
another media controller has a same value as the next 
physical controller number. 

[0017] The present invention also provides in a storage 
system, a method of adjusting signal timing of a media 
controller and a storage media for a data transfer therebe 
tWeen according to parameters stored in the storage media, 
Which may include the steps of: applying poWer to the data 
storage system; interrogating the storage media to obtain 
timing information; and con?guring the media controller to 
a fastest available speed setting for the storage media. 

[0018] The present invention also provides a storage sys 
tem controller that may include: a local microprocessor and 
a plurality of media controllers, all operably coupled to the 
local microprocessor via a multi-drop parallel bus, and in 
Which each media controller further includes: a media 
interface circuit; a media-side multi-mode transfer state 
machine operably coupled to the media interface circuit; and 
a dual-port memory operably coupled to the media-side 
multi-mode transfer state machine and to the media interface 
circuit. 

[0019] The present invention also provides a media con 
troller for controlling a storage media that has media inter 
face protocol parameters stored therein, and in Which the 
media controller may include: a command sequencer state 
machine; and a control data state machine operably coupled 
to the command sequencer state machine, for receiving the 
media interface protocol parameters from the storage media. 

[0020] The present invention also provides a storage sys 
tem controller that may include: a plurality of media con 
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trollers, all operably coupled via a multi-drop parallel bus, 
and in Which each media controller further includes: a 
media-side multi-mode transfer state machine for providing 
timing and sequencing of transfer of data by the plurality of 
media controllers; and a command sequencer state machine 
operably coupled to the media-side multi-mode state 
machine, for performing timing and sequencing of transfer 
of commands by the plurality of media controllers. 

[0021] The present invention also provides a storage sys 
tem controller for controlling transfer of data betWeen a host 
computer and a plurality of storage media, Which may 
include: a local microprocessor; and a plurality of media 
controllers, all operably coupled via a multi-drop parallel 
bus, each media controller of the plurality of the media 
controllers including a parameter storage for storing a 
parameter, and in Which, depending upon a value of the 
parameter, the storage system controller transfers data 
directly betWeen one storage media and another storage 
media Without transferring the data to the host computer. 

[0022] The present invention also provides in a storage 
system, a method of determining a maXimum access rate 
betWeen a media controller and a storage media for a data 
transfer therebetWeen, Which includes the steps of: a) trans 
ferring test data from the media controller to the storage 
media at a transfer rate; b) transferring the test data from the 
storage media to the media controller at the transfer rate; c) 
increasing the transfer rate; d) comparing the test data 
transferred in step a) With the test data transferred in step b), 
and repeating steps a), b) and c) until the test data transferred 
in step a) is not the test data transferred in step b); and e) 
con?guring the media controller to a fastest access rate 
setting for the storage media, the fastest access rate being 
proportional to the fastest transfer rate for Which the test data 
transferred in step a) is identical to the test data transferred 
in step b). 

[0023] Other aspects, features, and advantages of the 
present invention Will become apparent, to those skilled in 
the art, from the folloWing detailed description and the 
accompanying draWings. It should be understood, hoWever, 
that the detailed description and speci?c examples, While 
indicating preferred embodiments of the present invention, 
are given by Way of illustration only and various modi?ca 
tions may naturally be performed Without deviating from the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The present invention Will be described With 
greater speci?city and clarity With reference to the folloWing 
draWings, in Which: 

[0025] FIG. 1 is a block diagram of a prior art RAID 
architecture. 

[0026] FIG. 2 is a block diagram of an emulation model 
of a RAID storage system in accordance With the invention. 

[0027] FIG. 3 is a simpli?ed functional block diagram of 
a storage system in accordance With the invention. 

[0028] FIG. 4 is a simpli?ed functional block diagram of 
a media controller in accordance With the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] The embodiments discussed beloW are only 
eXamples of the many advantageous uses of the innovative 
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teachings herein. In general, statements made in the speci 
?cation of the present application do not necessarily limit 
any of the various claimed inventions. Moreover, some 
statements may apply to some inventive features but not to 
others. In general, unless otherWise indicated, singular ele 
ments may be in the plural and visa versa With no loss of 
generality. 
[0030] FIG. 2 is a high-level process representation of a 
storage system 200 in accordance With the invention shoW 
ing a general How of control information. The How of data 
is not shoWn. By far the most commonly used path is that 
through RAID Operations 206, because it is required for all 
READ and WRITE operations. A host/application interface 
(not shoWn) represents the highest level in a host computer 
202 that uses the concept of LBA When accessing the storage 
system; higher levels use the concept of “?les” Which are 
constructed using LBAs. The storage system interface 210 is 
either a loWer layer in the operating system, or the literal 
ATA or SCSI interface. If RAID is implemented Within the 
host storage media drivers, the storage system interface 210 
is the upper-most layer of that subsystem. At the storage 
system interface 210, the storage request is identi?ed as 
“RAID-able” or “non-RAID-able”. 

[0031] The invention does not require a speci?c host 
interface 201. Suitable interfaces are PCI (as Was used in the 
prior art), ATA, SCSI, FireWire®, Fiber Channel, Ether 
net®, In?niBandTM or any other high-speed data transfer 
channel. Commands received in one protocol are ful?lled 
using storage media 204 requiring a different protocol. Even 
though the protocols alloW similar functions, they are, in 
general, different. The preferred embodiment of the inven 
tion assumes that the storage media 204 are ATA storage 
media, and it is not alWays possible to format an ATA 
command that corresponds to a command received on a 
non-ATA bus. Based on command function, the commands 
fall into three broad categories, each of Which is discussed 
hereinbeloW. 

[0032] The “RAID-able” commands are those that are 
subject to RAID calculations. Generally, this is any com 
mand that results in a data transfer operation. Other com 
mands are those that deal With identifying the storage media 
manufacturer, model, storage capacity, and capabilities, and 
commands that cover security and storage media health. Not 
all these latter commands result in accesses to the storage 
media 204, and for those that do, the command parameters 
usually are not often altered according to the RAID formula. 
The method used to separate RAID and non-RAID opera 
tions must be executed in a timely manner. 

[0033] The three individual paths from the storage system 
interface 210 represent that for any given host command, 
only one of the three options can be eXecuted. All commands 
fall into one of the three categories. The RAID-able com 
mands are subjected to the RAID calculations, and appro 
priate values for count and LBA are passed to the storage 
media 204 via the media interfaces 220. Some non-RAID 
able commands access the storage media, and those com 
mands are represented in FIG. 2 as Non-RAID Operations 
230. The remaining commands, those that do not commu 
nicate With the storage media, are represented in FIG. 2 as 
Storage Emulation 240. 

[0034] These command-handling mechanisms can also be 
used to intentionally Warp the behavior of a command to 



US 2005/0132040 A1 

better ?t a speci?c application. For example, there is com 
mand Which, using an older disk drive, requires about tWo 
seconds to complete, during Which period a panel light is 
illuminated. A neW version of the disk drive requires only a 
fraction of that time, and people are possibly confused 
because the light gives only a brief ?ash. The invention 
alloWs ?rmware of the storage system 200 to be modi?ed so 
that the command requires tWo seconds to complete, and so 
that the operation returns to “normal” as perceived by a user. 
Often, older host computers include outdated versions of a 
protocol, if not outright protocol errors. The ?rmWare of the 
storage system in accordance With the invention is customi 
Zable to Work With or around these issues and errors, and to 
complete a command in a manner expected by a host 
computer. 

[0035] The storage system 200 receives commands from 
the host computer 202. The actual interface (SCSI, ATA, 
FireWire, etc.) affects the storage system 200 only to the 
extent that the command processors must be tuned to the 
host protocol. Each command must be addressed individu 
ally, although, as mentioned hereinbefore, there are three 
broad categories of command handling mechanisms. 

[0036] Some commands can be passed to the storage 
media 204 materially unchanged, using the parameters sup 
plied by the host. This category is typi?ed by the poWer 
control operations. Most modern storage media 204 have a 
provision for automatically entering a mode of reduced 
poWer consumption, usually based on explicit requests from 
the host 202 or a timer that expires some seconds after the 
last host access. The host command used to change the 
poWer mode of the storage media 204 is similar in all the 
protocols, and is readily translated from one protocol to 
another. Likewise, the command for setting the duration of 
the timer is easily translated to different protocols. 

[0037] There are some commands that are logically 
expected to alloW a direct translation, but the storage media 
204 does not provide a required feature, or implements the 
command in a different Way. In this case, the storage system 
200 issues a sequence of commands to the storage media(s) 
204 in order to ful?ll the purpose of the host request. An 
example of this command is the FORMAT operation, in 
Which the SCSI FORMAT requests implies a formatting of 
the entire storage media, but the ATA FORMAT request 
speci?es only a subset of the storage media. Using knoWl 
edge of the actual siZe of the storage media, the storage 
system 200 issues multiple ATA FORMAT commands to 
affect a formatting of the entire storage media 204. 

[0038] Some commands are similar in any protocol, but 
because the storage system 200 in accordance With the 
invention implements RAID operations Without the explicit 
knoWledge of the host computer, the command parameters 
are advantageously translated so that each storage media 204 
receives commands appropriate for its place in the RAID 
array. For example, a host request for the second logical 
block in the array is passed to the second storage media 204 
(for its ?rst logical block), but not to any other storage media 
204. If the host request is for three logical blocks, the request 
is passed to three storage media 204, one block for each 
storage media. Most commands that transfer stored data fall 
into this last category. 

[0039] Commands that have no realistic translation to the 
protocol of the storage media 204 are handled in such a Way 
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that the host computer is satis?ed With the response. An 
example of this is the SCSI REQUEST SENSE command 
Wherein the host requests details for a most-recent error 
reported by the storage media. An ATA storage media 204 
Will report the error details at the end of the erroneous 
command, and does not require that an additional command 
be issued. Instead, the storage system 200 records the error 
information at the time the erroneous ATA command com 
pletes, then When the host issues the REQUEST SENSE 
command, no storage media access is required (that is, no 
ATA command need be issued). Other examples are the 
MODE SENSE and SELECT commands, Wherein the host 
retrieves and sets various operational parameters for the 
SCSI storage media. Most of the operational parameters 
involve the operation of the SCSI bus itself, and for these 
there is no ATA equivalent at any level. 

[0040] Astorage system 300 in accordance With the inven 
tion is shoWn in FIG. 3, and comprises a storage system 
controller 302 and at least one storage media 311. The 
storage system controller 302 comprises a plurality of media 
controllers 301; each media controller being operably 
coupled to a local microprocessor 306, to a host interface 
logic 310 and to the at least one storage media 311. The host 
interface logic 310 is operably coupled to a computer host, 
or host, via a host interface 316. Each media controller 301 
is operably coupled to a payload data bus 320, to a real-time 
ready-status (data ready) signaling bus 322, and to a control 
bus 324. The local microprocessor 306 is operably coupled 
to a general microprocessor bus 330 and to the control bus 
324. The general microprocessor bus 330 is optionally 
coupled to other devices. The host interface logic 310 is 
operably coupled also to the general microprocessor bus 
330, to the payload data bus 320, and to the real-time 
ready-state (data ready) signaling bus 322. 

[0041] The basic purpose of the storage system 300 is to 
provide Redundant Array of Independent Disks, method 0, 
operation (RAID 0) using INCITS T13 protocol-compliant 
(i.e., ATA) storage media such as rotating-magnetic disks or 
solid-state CompactFlashTM. This operation is provided With 
no intervention from the host and no changes to existing host 
hardWare or softWare, including, in particular, no changes to 
storage media drivers or to host adapters. In other Words, the 
storage system 300 in accordance With the invention 
replaces a single ATA, SCSI or FireWire storage media With 
an array of storage media 311, and, in so doing, gains the 
bene?ts of RAID 0 (or higher) operation. Advantageously, 
the multiple-media storage system 300 in accordance With 
the invention appears to the host as a single ATA storage 
media, a single SCSI storage media or a single FireWire 
storage media. Another advantage of the invention is that an 
array of one type of storage media (ATA, for example) can 
appear as a single storage media of another type (SCSI, for 
example). A further advantage of the invention is that the 
array can comprise a mixture of types of storage media and 
nevertheless appear to the host as a single type. Furthermore, 
this single type can be different than any of the various types 
of storage media that comprise the array. Prior art storage 
systems assume that a host can be reprogrammed by install 
ing a speci?c storage media driver in place of the storage 
media driver of the host, or by connecting to hardWare 
assumed to be present on the host motherboard. The storage 
system 300 in accordance With the invention avoids the 
necessity of Writing storage media drivers and the problem 
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of re-Writing storage media drivers each time a revised 
operating system is installed in the host. 

[0042] The media controllers 301 pass data to and from 
the host interface logic 310 via the payload data bus 320. 
FIG. 3 shoWs the top-level architecture of the storage 
system 300 With four media controllers 301 and four storage 
media, for convenience of illustration; a greater or feWer 
number can be used. In typical operation, more than one 
media controller 301 are used to provide RAID 0 (or higher) 
operation. The minimum con?guration is one media con 
troller 301 used alone to make a normally ?xed storage 
media, such as an ATA drive, appear to the host as a 
removable storage media, such as a hot-sWappable ATA 
drive. The plurality of media controllers 301 are imple 
mented in one or more (depending upon the number of 
media controllers) FPGAs separately from the host interface 
logic 310, and the single host interface logic is implemented 
in another FPGA, for an ATA interface. The host is any 
computing system, such as a desktop PC, an embedded 
computer or an electronic appliance, With a standard storage 
system (e.g., single disk drive) host bus adapter. The host 
makes READ, WRITE, CONFIGURE, and IDENTIFY 
requests to the storage system 300 through a host adapter as 
Would be done for any standard ATA storage media 311. 
Storage systems 300 With other number of storage media 
Would operate in the same Way using the same single local 
microprocessor 306 shoWn in FIG. 3. 

[0043] The local microprocessor 306 provides the con 
?guration and control information necessary to alloW the 
storage system 300 in accordance With the invention to 
operate separately from the host itself. Preferably, each 
media controller 301 is connected to one ATA storage media. 
HoWever, each media controller 301 contains logic for 
addressing more than one storage media 311 on the same 
bus. The logic provides signals beyond the ATA speci?cation 
that alloW any number of storage media 311 to be addressed 
independently. Alternatively, the media controller 301 is 
connected to more than one ATA storage media 311. 

[0044] The local microprocessor 306 functions as a system 
administrator and con?gures the media controllers 301. The 
local microprocessor 306, through each media controller 
301, ascertains the capacity and characteristics of the storage 
media 311, and veri?es that the various storage media are 
compatible With each other. The local microprocessor 306 
then con?gures the media controllers 301 so that the RAID 
0 operation can be performed. This con?guration is statically 
determined (that is, factory con?gured); alternatively, it is 
dynamically determined When system poWer is applied and 
the available storage media are counted. Media controllers 
301 handle the routine data-transfer commands, and the 
local microprocessor 306 handles other commands. Most (if 
not all), storage system 300 protocols include commands 
that alloW the host to obtain identi?cation and con?guration 
information related to the storage system. The local micro 
processor 306, programmed in accordance With the inven 
tion, handles those requests. 

[0045] The storage system 300 in accordance With the 
invention increases the data transfer speeds over prior art 
storage systems having more than one storage media. When 
reading from a storage media 311, the hardWare architecture 
in accordance With the invention separates mixed control 
and data signals on a bus of the storage media into separate 
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buses, and When Writing to a storage media, combines 
separate control and data signals onto the bus of the storage 
media. Advantageously, the hardWare architecture does not 
require an external controller (i.e., the host) to perform 
detailed control sequencing, and the hardWare architecture 
automates the data transfer task. The hardWare architecture 
eliminates a need for the CPU of a host to perform the data 
transfers, and, as a result, Programmed Input/Output (PIO) 
style data transfers are advantageously completed in a single 
cycle and in contiguous operations. The media controller 
301 performs READ and WRITE operations betWeen both 
the host interface logic 310 and the storage media 311 in a 
single cycle. 

[0046] The architecture includes a plurality of indepen 
dent state machines in each media controller 301 that control 
both the storage media and a fully dual-ported RAM, Which 
alloWs the data transfers With the host at a much faster speed 
than the speed of data transfers With the storage media 311, 
and alloWs such transfers to occur concurrently. The hard 
Ware architecture of the storage media has provision for a 
plurality of media controllers 301 to be connected in a 
parallel multi-drop environment, Which advantageously 
alloWs commanding and operation of the storage media in 
true parallel. The plurality of media controllers 301 transfer 
to or from the storage media concurrently, and the state 
machines communicate With each other so that the data is 
presented to the host in the correct sequence, providing 
RAID 0 operation (multiple storage media appearing as a 
single storage media). The plurality of media controllers 301 
transfer data to the multi-drop parallel payload data bus 320 
in an order expected by the host computer, thus advanta 
geously eliminating the use of a complex automated array 
coprocessor and the use of a single, large memory buffer. 

[0047] In the preferred embodiment of the invention, the 
plurality of independent state machines are made from one 
or more FPGAs, Which makes the storage system 300 in 
accordance With the invention easily scalable. Preferably, a 
Spartan® or Virtex® series FPGA, manufactured by Xilinx 
Corporation, is used. Alternatively, another type of FPGA is 
used. As a further alternative, the plurality of independent 
state machines are made from one or more application 

speci?c integrated circuits (ASICs). 

[0048] The host interface 316 may take any of several 
forms including ATA, SCSI, PC, or Ethernet. The ATA 
interface, the SCSI interface, the FC interface, and the iSCSI 
interface take host requests using a standard bus and proto 
col, and inherently provide RAID 0 (or higher) operation of 
the storage media 311 connected to the media controllers 
301. This relieves the host of actually providing 1) multiple 
storage media interfaces 401, and 2) the storage media 
drivers required to give the functionality provided by the 
media controllers 301. Thus, the invention alloWs even 
simple computer systems to gain the advantages of RAID 0 
(or higher) With little or no changes to existing implemen 
tations. Existing solid-state ATA storage media have a capac 
ity that is much loWer than that of rotating disk drives, but 
With much greater durability. The media controllers 301, 
combined as RAID 0, can present a much higher capacity 
than any individual storage media, and alloWs such existing 
solid-state ATA storage media to be integrated into applica 
tions requiring higher storage capacities. The storage system 
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300 in accordance With the invention allows this to be 
accomplished With little or no change to the existing host 
implementation. 
[0049] Many computer systems, especially loW-cost com 
puter systems, use an ATA interface When a high-capacity 
storage media is required. Conventional personal computers 
include tWo ATA interfaces. An ATA storage media (INCITS 
T13, or IDE) operates With a host interface protocol using a 
register set knoWn as a “task ?le”. With the task ?le 
supported in hardWare, the local microprocessor 306 in 
accordance With the invention emulates the operation of the 
ATA storage media and passes the host requests to the media 
controllers 301. More advanced systems often use the SCSI 
interface (INCITS T10), or the more recent FC interface 
(INCITS T11). In this case, the host interface 316 is more 
complicated, and the requirements of the local microproces 
sor 306 are more involved. The compleXity of the SCSI, FC 
and FireWire interfaces Warrants the use of standard, off 
the-shelf, SCSI interface chips for the host interface logic 
310, and the data-only side of the media controller 301 is 
used for the DMA interface of those chips. Examples of 
interface chips are the QLogic FAS466 (SCSI) and Fiber 
FAS440 (Fiber Channel). As SCSI commands arrive from 
the host, the commands are interpreted by the local micro 
processor 306 and the media controllers 301 are com 
manded. The data transfer then takes place With little or no 
intervention from the local microprocessor 306. With no 
changes to the host operation or to the host interface 316, the 
advantages of the invention are obtained. The iSCSI stan 
dard provides the command functions of SCSI using an 
Ethernet netWork interface, and alloWs the RAID 0 capa 
bilities of the media controllers 301 to be applied to the 
loWer-capacity solid-state Flash storage media, thereby pro 
ducing a higher-capacity, very rugged, array With little or no 
changes to conventional (i.e., single storage media) iSCSI 
implementations. The local microprocessor 306 handles the 
iSCSI requirements for secure operation on a local or Wide 
area netWork (LAN or For SCSI, FC or FireWire 
interfaces, the media controllers 301 are implemented in one 
or more (depending upon the number of media controllers) 
FPGAs separately from the host interface logic 310, and the 
single host interface logic is implemented in off-the-shelf 
interface chips. 

[0050] The media controller 301 in accordance With the 
invention automatically handles status operations. Status 
operations cause most of the interrupt activity in the prior art 
architecture. Unlike prior art storage systems, use of media 
controllers 301 in accordance With the invention means that 
data transfer rates are not determined by the speed of a prior 
art micro-controller or the bandWidth of the prior art micro 
controller’s memory. Advantageously, use of the media 
controller 301 in accordance With the invention eliminates 
the interrupt overhead present in prior art micro-controller 
implementations. 

[0051] Each media controller 301 simultaneously receives 
control sequences from the local microprocessor 306, and 
then each media controller 301 performs autonomous par 
allel operations. Prior art storage systems disadvantageously 
command each storage media one at a time. The time 
required commanding the storage media 311 in the storage 
system 300 in accordance With the invention is reduced over 
the prior art because all the storage media are often com 
manded simultaneously. In the storage system 300 in accor 
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dance With the invention, the time required to Write the 
command information to the storage media 311 is advanta 
geously further reduced through the use of a state machine 
instead of a conventional micro-controller. Some prior art 
implementations, such as the RAID systems in LinuX® and 
Microsoft WindoWs®, disadvantageously rely on the host 
CPU for the command operations of each individual storage 
media, but by deploying one media controller 301 for each 
storage media 311 and then arranging that the host command 
is distributable to all media controllers as one media con 

troller, true simultaneous operation is realiZed With the 
storage system 300 in accordance With the invention. 

[0052] The media controllers 301 are advantageously 
capable of performing autonomous storage media 311 to 
storage media 311 operation or single media operation such 
as formatting, Without any further intervention of the local 
microprocessor 306 after the local microprocessor initiates 
the operation. Storage media 311 to storage media 311 
operation occurs, for eXample, during initialiZation of a 
RAID 1 mirror pair. Referring noW to FIG. 4, to initiate 
storage media to storage media operation, the local micro 
processor 306 changes the value of the “storage media to 
storage media” parameter stored in parameter storage 404. 
This change in value affects the operations of the control 
data state machine 408 and the host-side transfer state 
machine 430 so that a media controller 301 receives data 
from another media controller 301 via the payload data bus 
320. 

[0053] Referring again to FIG. 3, in the preferred embodi 
ment of the invention, a plurality of media controllers 301 
are combined With an ATA interface to give RAID 0 per 
formance. This is accomplished using one media controller 
301 for each storage media 311, and by sending multiple 
control sequences to the various storage media 311 at the 
same time. The ATA interface at host interface 316 alloWs 
the host to issue conventional ATA commands to the local 
microprocessor 306. The host-requested logical block 
address (hLBA) and host-requested count (hC) values con 
tained in the host command are processed by the local 
microprocessor 306 at the storage system 300 according to 
RAID calculation equations, and all available media con 
trollers 301 are commanded: simultaneously When possible, 
sequentially When necessary. The calculation and command 
ing processes are optimiZed to add as little overhead as 
possible. 

[0054] The storage system 300 in accordance With the 
invention relieves the host of the necessity to perform the 
RAID calculations and to command each individual storage 
media. This bene?t is increased When it is realiZed that the 
host no longer need support multiple ATA storage media 
directly, alloWing the RAID storage system 300 to be siZed 
according to the application and not limited by the available 
ATA host adapters. The host needs to have only one ATA 
interface at host interface 316, and, through the use of the 
local microprocessor 306 and the media controllers 301, 
multiple ATA storage media are attached Without a need to 
change the host con?guration or storage media drivers. By 
relieving this burden from the host, the RAID storage system 
300 in accordance With the invention may be advanta 
geously eXtended to smaller, less expensive hosts, and to 
embedded computers that traditionally have feW resources 
and little opportunity to add RAID storage media drivers. 
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[0055] There are four storage system buses used in the 
storage system 300 in accordance With the invention. Alter 
natively, there are three storage system buses if the general 
microprocessor bus 330 and the control bus 324 are com 
bined. The payload data bus 320, the control status bus 324 
and the real-time ready-status data request (data ready) 
signaling bus 322 are all used during a normal transaction. 
Advantageously, all media controllers 301 connect to these 
buses in the same Way, making each a drop point on the 
multidrop interface. Controllers of prior art storage systems 
do not connect to a prior art bus in the same Way; rather, each 
prior art controller in a prior art storage system connects to 
the prior art bus in a different Way. That is, each prior art 
controller disadvantageously uses a separate, individual 
chip-select line to distinguish one prior art controller from 
another. 

[0056] After the control path processing has been sepa 
rated from the data path, the data path is optimiZed for a 
higher possible transfer rate and for automatic shifting from 
one storage media to another for RAID 0. The data paths 
from tWo or more media controllers 301 are coordinated to 

give synchroniZed transfers and automatic data comparison 
for RAID 1, and generation or recovery of data for higher 
RAID modes. Alternatively, data buffers (FIFOs) and other 
mechanisms are employed in the data path to enhance the 
data transfer rate and to make optimiZations for masking 
some de?ciencies in standard storage media. 

[0057] The control bus 324 is used during system initial 
iZation When the local microprocessor 306 reads capacity 
and con?guration information from the storage media 311, 
and also during error processing When the local micropro 
cessor 306 reads current status information from the storage 
media 311 and media controllers 301. In typical operation, 
the local microprocessor 306 accepts the host commands 
over the general host microprocessor bus 330, then relays 
the appropriate LBA and count values over the control bus 
324 of the storage system 300 a feW microseconds later. As 
a host transaction completes, the local microprocessor 306 
passes control information to the host interface logic 310 so 
that the host receives the correct response: error or no error. 
If the local microprocessor 306 performs the RAID calcu 
lations, the LEA and count values passed to the media 
controllers 301 are the transformed values. 

[0058] Each transaction betWeen the local microprocessor 
306 and storage media 311 is characteriZed by the block 
count and initial LBA values of the host (hC and hLBA). The 
transaction begins With the given hLBA, and transfers the 
requested number of contiguous blocks. The local micro 
processor 306 calculates the appropriate block count (mC) 
and starting LBA (mLBA) values for each storage media 311 
involved in the transaction. Some storage media 311 may 
transfer nothing. The appropriate combination of mC and 
mLBA is then passed to each media controller 301 via the 
control bus 324 of the storage system. 

[0059] For any host data request that speci?es hLBA and 
hC, a maXimum of three mLBA/mC combinations are 
passed to the media controllers 301, regardless of the 
number of media controllers 301, the host starting LBA, or 
the host count. For many combinations of host LBA and 
count, only one combination of LBA/count is passed to all 
media controllers 301. By design, the control bus 324 alloWs 
all media controllers 301 to receive the LEA and count 
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values simultaneously When possible, greatly reducing the 
amount of time required to command the media controllers 
301. For eXample, When four controllers of a prior art 
storage system are in use, each controller Would be disad 
vantageously commanded separately, requiring four com 
mand transfers on a bus. In the storage system 300 in 
accordance With the invention, all media controllers 301 that 
receive the same values are advantageously commanded 
simultaneously. The best case requires only one command 
transfer and the Worst case requires three command trans 
fers, an improvement in either case. 

[0060] The payload data bus 320 carries sequencing infor 
mation and also data for storage into the storage system 300 
and for retrieval out of the storage system. This payload data 
bus 320 is optimiZed for data transfer speed and it can 
transfer many tens of megabytes per second. The media 
controllers 301 are optimiZed to increase the transfer rate 
across the payload data bus 320. The media controllers 301 
are optimiZed, through use of a dual-port memory 402 (see 
FIG. 4) and by an ability to quickly obtain control of the 
payload data bus 320 from the other media controllers 301. 
The payload data bus 320 is separate from both the general 
microprocessor bus 330 and the control bus 324 of the 
storage system 300, alloWing it to be optimiZed for 
extremely high speeds by the use of bus drivers and receiv 
ers that use loW voltage differential (LVD) signaling tech 
niques, or by the use of impedance-controlled, single-ended 
drivers and receivers. The payload data bus 320 is not 
limited to the bus Width of the host or storage media 
(therefore it can be more or less than 16 bits Wide) alloWing 
it to be optimiZed separately from either the host interface 
316 or the media interface 401, or from both. The use of the 
dual port memory 402 Within each media controller 301 
alloWs the storage system in accordance With the invention 
to advantageously have different data rates at the media 
interface 401 and at the host interface 316. The average data 
rate on the payload data bus 320 is no less than that With the 
prior art sWitched-packet bus 114 (see FIG. 1), because the 
bus rate is ultimately determined by the lesser of the transfer 
rates of the individual storage media 311 and the transfer rate 
of the host interface 316. 

[0061] The real-time ready-status (data ready) signaling 
bus 322 is a simple, one-Wire multidrop Wire-OR’d bus that 
alloWs a media controller 301 to indicate that it is ready to 
transfer data. Amedia controller 301 accepting control of the 
payload bus may not yet be ready to transfer data even 
though a ?rst media controller 301 has completed its trans 
fer. In this case, it is usually desirable to alert the host 
interface 316 that nothing is available for the moment. 
Depending on the host interface type (ATA, SCSI, etc.), the 
host interface 316 may take action to release the host 
interface bus (e.g., SCSI disconnect), or signal the host that 
nothing is available. The data request (data ready) signal 
indicates to the host interface 316 that one of the media 
controllers 301 is prepared to transfer payload data. 

[0062] The host interface logic 310 separates control and 
data information from the host so that control information 
alone may be communicated to the media controllers 301 
and storage media 311. The local microprocessor 306 pro 
cesses non-RAID-able commands as Would be expected 
With any conventional storage media. Requests to con?gure 
the host interface or return identify information are handled 
Without accessing the storage media 311. When the local 
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microprocessor 306 identi?es RAID-able requests (reads 
and Writes), the request is subdivided into component 
requests to one or more of the media controller 301 con 
trollers and passed over the control bus 324. Because the 
control bus 324 is a multi-drop serial bus, any portion of the 
request that is duplicated for more than one media control 
lers 301 is advantageously sent to the more than one media 
controllers 301 simultaneously by turning on the receive 
mode of the more than one media controllers 301. The 
invention alloWs all media controllers 301 of the storage 
system 300 to start substantially simultaneously. 

[0063] Most communication betWeen the media control 
lers 301 and the host interface logic 310 proceeds through 
the local microprocessor 306, except for operations per 
formed via the payload data bus 320. The local micropro 
cessor 306 ful?lls requirements related to system initialiZa 
tion and exception processing. When poWer is ?rst applied 
to the system, or if the host RESET signal is asserted, the 
host expects that certain conditions are established and/or 
that certain data Will be available. Some of this data is 
obtained by interrogating the storage media 311 and ascer 
taining the total capacity of the system. The local micro 
processor 306 includes a non-volatile memory (not shoWn) 
that contains the storage system 300 con?guration, identify 
information (manufacturer, model, etc), timing information, 
and functional mode characteristics. After poWer is ?rst 
applied or the system reset signal is asserted, the local 
microprocessor 306 interrogates the storage media 311 to 
obtain timing and functional mode information, then con 
?gures each media controller 301 to the fastest available 
speed setting for that storage media 311. The program of the 
local microprocessor includes the algorithms for dynami 
cally adjusting the timer values at run time. Alternatively, the 
timing and functional mode information is precon?gured in 
the non-volatile memory of the local microprocessor 306. 

[0064] The storage system 300 in accordance With the 
invention determines a maximum access rate betWeen the 
media controller 301 and the storage media 311 for a data 
transfer therebetWeen, by performing the folloWing steps: a) 
transferring test data from the media controller to the storage 
media at a transfer rate; b) transferring the test data from the 
storage media to the media controller at the transfer rate; c) 
increasing the transfer rate; and d) comparing the test data 
transferred in step a) With the test data transferred in step b). 
Then, steps a), b) and c) are repeated until the test data 
transferred in step a) is not the test data transferred in step 
b). Finally, the media controller 301 is con?gured to a fastest 
access rate setting for the storage media 311, the fastest 
access rate being proportional to the fastest transfer rate for 
Which the test data transferred in step a) is identical to the 
test data transferred in step b). 

[0065] As host system requests are received by the local 
microprocessor 306 and examined, the commands are iden 
ti?ed as RAID-able, non-RAID-able, or emulated. The host 
interface logic 310 presents the host With a single consistent 
interface, and alloWs the combination of all the connected 
storage media 311 to appear as a single logical storage unit. 
This alloWs the storage system 300 to be comprised of 
dissimilar storage media 311 to take advantage of the best 
attributes of each storage media type, and alloWs for incre 
mental improvements as the storage system industry devel 
ops neW storage techniques and products. Furthermore, 
storage media characteristics such as model and serial 
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numbers can be ?xed constants, regardless of the model and 
serial numbers of the composite storage media. Likewise, a 
smaller-than-reality storage media capacity can be presented 
to the host, Which is of special bene?t for older computer 
systems that Were not designed to handle the huge capacity 
of modern storage media, alloWing those computer systems 
to be upgraded to modern storage media When the original 
storage media is no longer available. 

[0066] When the host interface 316 and media interface 
401 employ different command protocols, or When the 
protocols match, but the capabilities of the storage media are 
not the same as the capabilities of the host interface, the local 
microprocessor 306 translates the host command to an 
equivalent media command or sequence of media com 
mands. For example, if the host interface 316 is SCSI and 
the media interface 401 is ATA, the protocols employ 
completely different command codes and a translation is 
required. Another example is When both host interface 316 
and media interface 401 are ATA, in such case the host may 
issue a READ DMA command When the storage media do 
not support DMA, so a READ PIO operation Would be 
issued to the storage media. In either case, a translation can 
be inserted by the local microprocessor 306 to yield the 
correct behavior and the best available performance. 

[0067] The local microprocessor 306 is also used during 
error recovery. Error recovery involves retrieving error 
information from the storage media and/or the media con 
troller 301, keeping a record of the error, attempting to 
repeat the operation With the storage media 311, notifying 
the host of the error, or some combination of these. When 
reporting errors involving a RAID 0 con?guration, the 
media reports media-speci?c error locations that must be 
translated to host-vieW error locations. In other Words, the 
RAID calculation must be performed in reverse to produce 
a host LBA value corresponding to the erroneous media 
LBA location. Recon?guration of the storage system 300 
and the transfer of knoWn-good data to back-up storage 
media are more advanced uses of the local microprocessor 
306 that are part of error recovery. The local microprocessor 
306 uses its non-volatile memory for the purpose of logging 
events such as errors or other information. The data log can 
be retrieved at a later time for analysis and storage media use 
pro?ling. Preferably, the local microprocessor 306 is a 16-bit 
general-purpose microprocessor, preferably a Model 
Am186ER microprocessor of Advanced Micro Devices, 
Inc.; alternatively, it is another microprocessor. As a further 
alternative, the local microprocessor 306 is replaced by 
dedicated hardWare. 

[0068] The speed of the payload data bus 320 is at least as 
fast as the speed of the host interface 316, otherWise the data 
rate is reduced beloW the host capabilities. The speed of the 
bus at the media interface 401 betWeen the media controller 
301 and the associated storage media 311 need be only as 
fast as the storage media, because each media controller 301 
buffers the data blocks at the dual-port memory 402 to alloW 
the data bus a higher transfer rate. In this Way, sloWer storage 
media are combined to give a higher overall transfer rate to 
the host, ful?lling the RAID 0 goal. 

[0069] The host interface logic 310 provides a means 
through Which the host begins a transaction and the means 
by Which the data and subsequent status are communicated. 
Typical interfaces betWeen a host and the storage system 300 
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use ATA, SCSI or FireWire protocols. The local micropro 
cessor 306 is programmed for a given interface type to 
provide the correct protocols and control of the host inter 
face logic 310. Some interface types require sub-microsec 
ond response times on certain signals, Which is beyond the 
capabilities of eXisting microprocessors, and so the host 
interface logic 310 includes hardWare speci?cally designed 
for the application. 

[0070] The media controller 301 comprises the parameter 
storage 404, a media interface circuit 406, the control data 
state machine 408, a command sequencer state machine 410, 
a media-side multi-mode transfer state machine 412, the 
dual-port memory 402, a memory controller 420, and the 
host-side transfer state machine 430. The host interface 316 
to the media controller is one byte Wide With multiple 
independent addresses; therefore, the media controller 301 
advantageously appears to the local microprocessor as a 
simple peripheral. Use of the dual-port RAM as a buffer 
alloWs the simultaneous ?lling and draining (?rst in, ?rst 
out) of the dual-port memory 402 to increase total system 
bandWidth. The internal data bus connections of the media 
controller 301 can be implemented With a completely dif 
ferent signal technology than the storage media 311 to Which 
it is connected (TTL, LVTTL, LVD, ECL, or others). This 
alloWs for higher speed transmissions Within and betWeen 
the media controllers 301. This also alloWs for the transport 
of the signals over a greater distance With better noise 
immunity When forming arrays of large numbers of storage 
media. The media controller 301 is produced by program 
ming a FPGA in a hardWare description language such as 
VHDL or Verilog. This advantageously alloWs the media 
controller 301 to be con?gured for different RAID opera 
tions Without changing the hardWare. This also advanta 
geously alloWs the media controllers 301 to be easily 
updated to meet neW speci?cations for storage media 311 
Without changing the hardWare. 

[0071] In a storage system 300 having three media con 
trollers 301, preferably tWo FPGAs are used, one FPGA 
forms tWo of the media controllers 301, and the other FPGA 
forms the third media controller 301 and the host interface 
logic 310, for an ATA interface. In a storage system 300 
having four media controllers 301 as shoWn in FIG. 4, 
preferably three FPGAs are used; one FPGA forms tWo of 
the media controllers 301, another FPGA forms the other 
tWo media controllers 301 and the third FPGA forms the host 
interface logic 310, for an ATA interface. In any event, the 
pathWays of the media controller 301 and the multi-drop 
parallel buses of the storage system controller 302 are also 
formed from the FPGAs. 

[0072] The plurality of ?nite state machines of the media 
controller 301 translate control information accepted from 
the control bus 324 of the storage system 300 into the 
sequence of READ and WRITE operations that are required 
to access the ATA storage media. The state machines accept 
four parameters of control information, and a single 
sequence control byte. The control information parameters 
are: a starting LBA number, a count of the number of blocks 
to transfer, an ATA “feature” byte, and an ATA command 
code. The sequence control byte indicates to the media 
controller 301 Whether the ATA command requires a data 
transfer, and the direction (read or Write), of that transfer. 
The transfer parameters are not limited to those explicitly 
accepted by the storage media 311, but eXtend the range of 
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those parameters. For eXample, standard ATA storage media 
311 accept a block count value of eight bits (a range of 1 to 
256 blocks). The media controller 301 can accept 16 or more 
bits for this parameter, and can repeatedly re-command the 
storage media 311 until the entire request is satis?ed. 

[0073] The media controller 301 has a capability to accept 
commands at any time, even While the state machines are 
active or busy. This capability alloWs the host CPU or the 
local microprocessor 306 to interrupt the media controller 
301 and either stop them or re-command a neW operation. At 
any time, the host CPU or local microprocessor 306 may 
inquire of the current state of a data transfer. This alloWs the 
host CPU and local microprocessor 306 to manage time-out 
and abort functions. 

[0074] All media controllers 301 are alWays connected, 
and listening, to the control bus 324. Each media controller 
301 is assigned its oWn physical controller number, and this 
physical controller number is used to identify the media 
controller 301 and alloWs groups of media controllers 301 to 
be selected for transfers. All media controllers 301 listen for 
a bit ?eld address match on the control bus 324 to receive 
commands or to start eXecution. Each media controller 301 
With a bit match eXecutes in true parallel. Because the media 
controllers 301 share a common control bus 324, the con 
troller selection process is commanded in a single WRITE 
operation. As the command parameters are passed along the 
bus, media controllers 301 may be selected and deselected 
so that common parameters are passed to a plurality of 
media controllers 301 simultaneously, but individual param 
eters may also be passed to a media controller 301 individu 
ally. 

[0075] The operation of the media controller 301 is gov 
erned by a number of parameters. The parameter values are 
established by the local microprocessor 306 (FIG. 3) during 
system con?guration. All parameters take the form of a 
binary value, and are implemented With a certain number of 
bits that establishes the range and resolution of the param 
eter. Different implementations may employ different num 
bers of bits for any parameter. Each parameter is used by a 
speci?c state machine. 

TABLE 1 

Application Parameter Number of bits 

Command Sequencer Data setup time 
Data enable time 
Data hold time 
Initial status timeout 
Command status timeout 
PIO setup time Media-side Transfer 

Machine 
PIO enable time 
PIO hold time 
Data status timeout 
Total number of controllers 
This controller’s sequence 
number 
Transfer block size (i.e., 6 
chunk size) 
Next controller’s physical 
number 
Con?gure for RAID 1 operation 1 (yes or no) 
Con?gure for storage media to 1 (yes or no) 
storage media operation 
PoWer ON/OFF selection 1 

RAID Calculator 

Host-side Transfer 
Machine 

8 (bit ?eld) 

Media Interface 
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[0076] The parameters of Table 1 are stored in registers of 
the parameter storage 404 Within the media controller 301, 
and the values are updated by the local microprocessor 306 
via the control data state machine 408. 

[0077] The most important function of the media interface 
circuit 406 is the routing of media control signals and 
payload data to the dual-port memory 402, the command 
sequencer state machine 410 and the media-side multi-mode 
transfer state machine 412. The routing function is passive; 
meaning that the actual timing and sequencing is established 
by the command sequencer state machine 410 and the 
media-side multi-mode transfer state machine 412. 

[0078] There is a physical interface at the media interface 
401 betWeen the media controller 301 and the storage media 
311. The storage media 311 is driven directly by the FPGA 
With appropriate impedance matching, Which prevents sig 
nals from overshoot and ringing. The output drivers in the 
FPGA have both sleW rate and current drive adjustment 
capabilities to improve the electrical interface characteristics 
betWeen the media controller 301 and the storage media 311. 
These features improve signal noise immunity and other 
characteristics that are important. 

[0079] The storage media 311 is accessed using a series of 
individual READ and WRITE operations, similar to those 
found in the general microprocessor bus 330. The FPGA 
includes features for controlling the timing parameters of 
each operation cycle. Control and status cycles are con 
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controller 301 occurs. For example, media controller 0 is 
selected by bit 0, media controller 1 by bit 1, and so on. 

[0081] Preferably, the control bus 324 consists of an 8-bit 
bi-directional bus for data and for control signals. Prefer 
ably, there are nine control signals: CS, ERROR, 
ADDRESSO, ADDRESS1, ADDRESS2, ADDRESS3, 
ADDRESS4, READ, and WRITE; hoWever, the number of 
controls signals depends upon the microprocessor selected 
for use as the local microprocessor 306. The control bus is 
not limited to being an 8-bit bus and may alternatively be of 
another siZe. The CS signal quali?es all other control 
signals. While CS is FALSE, all other signals are ignored. 
The ERROR signal is a Wire-OR signal that is asserted by 
any media controller 301 that detects an error. When 
asserted, the local microprocessor 306 stops any outstanding 
data operations and reports an error code to the host. The ?ve 
address signals identify the speci?c parameter or register 
being addressed. Of the 32 possible locations, the media 
controller 301 responds only to addresses 0, 1, and 2 (that is, 
binary bit patterns ‘00000’, ‘00001’, ‘00010’); operations 
With other addresses are ignored. Control data is transferred 
When the local microprocessor 306 asserts the READ or 
WRITE signal While a valid combination is present on the 
address signals. The local microprocessor 306 sends data to 
the media controller 301 by asserting the WRITE signal, and 
the local microprocessor 306 receives data from the media 
controller 301 by asserting the READ signal. The data 
transferred is listed in FIG. 2, beloW, according to the 
address. 

Address Write operation Read operation 

00000 

00001 

00010 

8-bit data to a register 8-bit data results, or the least 
signi?cant 8 bits from 
operations that return more 
than 8 bits of data. 

Bit D1: When '1', media controller The most signi?cant bits from 
enters a reset state operations that return more 

than 8 bits of data. 

When '0', media controller is 
released from the reset state 

Bit D0: When '1', media controller 
accepts command data and 
parameters 
When changed from '1' to '0', 
media controller executes the 

command 

Select media controller(s) BUSY and ERROR status 

trolled With a set of timing parameters separate from those 
used to control the data timing (the control and status 
registers are in logically different locations in the media 
memory), because these parameters are speci?ed separately 
in the ATA speci?cation. The data setup and hold portions of 
the cycle are separately adjustable, as are the address setup 
and hold durations. 

[0080] The control data state machine 408 monitors the 
control bus 324 and updates the parametric and transaction 
information registers as values are passed from the local 
microprocessor 306. For each media controller 301, a physi 
cal controller number is established When the hardWare is 
de?ned. The physical controller number maps to a speci?c 
bit on the control bus 324 When selection of a media 

[0082] A typical operation begins by selecting speci?c 
media controllers 301 using a WRITE operation at address 
2. Each bit in the Written byte corresponds to a speci?c 
media controller 301, and more than one media controller 

301 may be selected simultaneously, Which facilitates the 
simultaneous broadcast of information to many media con 

trollers 301. Bit 0 selects media controller 0; bit 1 selects 
controller 1, and so on. Media controllers 301 not selected 

(that is, those With a ‘0’ in the corresponding selection bit), 
ignore all READ and WRITE operations to addresses 0 and 
1, as Well as READ operations at address 2 (BUSY status). 
All media controllers 301 alWays accept WRITE operations 
at address 2. 
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[0083] When reading data from the media controllers 301, 
it is important that only one be selected during the READ 
operation. Selecting more than one Will produce a “bus 
contention” situation While READ is asserted, and the data 
may be corrupted. In the extreme, hardWare might be 
damaged. Local microprocessor 306 ?rmWare prevents mul 
tiply selected situations during a READ operation. 

[0084] At system initialiZation and after errors have been 
processed, it is necessary to reset the media controller 301 
to a knoWn state. This is accomplished by selecting the 
necessary media controller(s), and Writing address 1 With bit 
D1 asserted (‘1’) and Writing again With bit D1 deasserted 
(‘0’) 
[0085] Media controller 301 commands are delivered 
using many WRITE operations. After selecting one or more 
media controllers 301, bit 0 of address 1 is asserted (Written 
to ‘1’). This prepares the media controller 301 to accept a 
command byte sequence Written through address 0. The 
command byte sequence can vary in length depending on the 
command, and preferably uses a maximum of 12 bytes. 
Regardless of the length, the last byte Written is the actual 
command byte, and the preceding bytes are parameters for 
the command. There are three basic commands: a Task File 
Transfer (TFT) command, a Task File Register (TFR) com 
mand, and a Con?guration Register (CR) command. 

[0086] The CR command causes the control data state 
machine 408 to transfer parametric information to or from 
the parameter storage 404 via a parametric information 
pathWay 433. The TFR and TFT commands cause the 
control data state machine 408 to make transfers to and from 
the media task ?le registers included Within each storage 
media 311, via an additional command information pathWay 
434. The media task ?le is the collection of registers used for 
commanding the storage media 311 and obtaining status 
information from the storage media. The media task ?le is 
located in registers (not shoWn) Within the storage media 311 
operably coupled to the media controller 301. To perform a 
data transfer betWeen the storage media and the media 
controller 301 pursuant to a TFT command, the contents of 
seven registers from the media task ?le need be transferred 
into the storage media 311 from the media controller 301 
prior to the occurrence of the data transfer. The TFT com 
mand also invokes the media-side multi-mode transfer state 
machine 412 to transfer data betWeen the storage media 311 
and dual-port memory 402 using the payload data bus 320. 
To perform a data transfer betWeen the storage media 311 
and the media controller 301 pursuant to a TFR command 
during error recovery, the contents of only one register from 
the media task ?le need be transferred betWeen the storage 
media and the media controller 301. It is possible to issue a 
command code that causes none of these actions—that 
command is a “no operation” command and is used When the 
local microprocessor 306 is uncertain of the current state of 
the data sequence (e.g., subsequent to an unexpected reset). 

[0087] After the entire command byte sequence has been 
Written, bit 0 of address 1 is deasserted (Written to ‘0’) to 
cause the command to be executed. The last data byte 
Written determines Which command Will be executed. Under 
some error conditions, the local microprocessor 306 may be 
uncertain of the state of the command byte sequence. A 
“safe” error recovery is accomplished by Writing the no 
operation code before deasserting bit 0. If too many bytes 
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are Written before the command is executed, the bytes not 
needed for the command are ignored. 

[0088] When more than one media controller 301 are to 
receive the same data, it is desirable to select the more than 
one media controllers 301 as a group. Advantageously, this 
alloWs the local microprocessor 306 to transfer data and 
control operations to all the media controllers 301 of the 
group simultaneously, eliminating the need for sequentially 
addressing each media controller 301 individually. In addi 
tion, the selection byte can be changed at any time during 
control data transfers. Consider the case Where the control 
data consists of ten bytes, nine of Which are identical for all 
media controllers 301 and the 10th is unique to each 
controller, and assume also that four media controllers 301 
are present. To Write to each sequentially requires forty-four 
WRITE operations (including a WRITE for each selection). 
UtiliZing the multidrop feature of the invention reduces this 
to eighteen WRITE operations (“select all”+“9 data”+4 each 
“select one+1 data”), advantageously reducing the time 
required over prior art methods by over 50%. The use of 
additional media controllers 301 shoWs even greater advan 
tage over the prior art. 

[0089] While the command is in process (some commands 
take longer than others do), the status register (reading 
address 2) Will indicate the busy condition. Speci?c bits 
Within the status register indicate the progress of the com 
mand, but for practical purposes the media controller 301 is 
either busy or not. Reading from address 0 or address 1 
While the media controller 301 is busy produces unde?ned 
results. If the media controller 301 is deselected While busy, 
command processing continues. The media controller 301 
must again be selected before the local microprocessor 306 
can ascertain the busy status. 

[0090] The CR commands include a CR-read command 
and a CR-Write command. The CR-read command requires 
one additional byte of control data (a register address), and 
the CR-Write command requires tWo additional bytes of 
control data (a register address and the data to be Written to 
that register). The CR-read command places the requisite 
data into the read buffer. After the command completes that 
is, When reading address 2 indicates “not busy”, the local 
microprocessor 306 reads the data from address 0. Some 
registers contain more than eight bits of data, and the 
additional bits are presented in address 1. 

[0091] The TFR commands are similar to the CR com 
mands, but instead of accessing the parametric storage, the 
media task ?le is accessed. The TFR commands include a 
TFR-read command and a TFR-Write command. An address 
and a data byte are supplied With the commands, and the 
results of read operations appear in the address 0 and the 
address 1 data registers. Reading from task ?le register 0 is 
a 16-bit operation, and reading from all other task ?le 
registers is 8-bit operation. Only 8-bits of data are alloWed 
When using the TFR-Write command. Using the TFR com 
mands alloWs the local microprocessor 306 to invoke any 
desired media command and to obtain data from the storage 
media (although the data transfer is sloW compared to the 
payload bus). The TFR commands are most commonly used 
during system initialiZation and error recovery operations. 

[0092] The TFT commands are the most complex of all the 
commands of the media controller 301. In the preferred 
embodiment, these commands require seven additional 
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bytes of information. In an alternative embodiment, these 
commands require thirteen additional bytes of information. 
The data bytes contain the values to be Written to the seven 
media task ?le registers, alloWing any of the basic ATA 
operations to be performed (8-bit sector count, 28-bit logical 
block address (LBA), 8-bit feature register, and 8-bit com 
mand register). Alternatively, the sector count is 32 bits, and 
the LBA is at least 48 bits, thereby increasing the number of 
bytes required to at least thirteen. The TFT commands 
include three commands: a TFT-read command, a TFT-Write 
command, and a TFT-noData command. Command process 
ing proceeds in ?ve phases: 1) Initial status, Wait for storage 
media to be ready; 2) Write to task ?le register; 3) Data 
status, Wait for storage media to indicate data transfer 
request; 4) Data transfer; and 5) Write-complete status, Wait 
for storage media to indicate data successfully Written. The 
TFT-noData command uses only phases 1, 2, and 5. The 
TFT-read command uses phases 1, 2, 3 and 4, repeating 
phases 3 and 4 for every block transferred. The TFT-Write 
command uses all ?ve phases, repeating phases 3 and 4 for 
every block transferred. Any of the three status phases can 
realiZe a “time out” error if the storage media 311 does not 
indicate ready Within a predetermined amount of time. The 
durations are independently established in the parameter 
data, and range from a feW seconds to about 30 seconds. The 
data-status and Write-complete status phases are terminated 
if the storage media 311 reports an error condition. In this 
case, the media controller 301 status byte (address 2) indi 
cates the error and Will no longer indicate busy. The local 
microprocessor 306 recogniZes this condition and com 
mences error-processing operations. The data transfers of 
phase 4 are handled by the media-side multi-mode transfer 
state machine 412 and the host-side transfer state machine 
430. 

[0093] The command sequencer state machine 410 cor 
rectly sequences the operational phases, asserts the media 
control signals (via the media interface circuit 406), provides 
the correct task ?le addressing signals, and recogniZes media 
busy and error conditions. The command sequencer state 
machine 410 handles the processing for all TFR and TFT 
commands. Each READ or WRITE operation involving the 
media task ?le is governed by the data setup, enable, and 
hold timing parameters described hereinbefore. The values 
of these parameters ultimately establish a rate at Which the 
media task ?le is accessed by the media controller 301. 
Different storage media (manufacturer and model) operate at 
different speeds, and so correct selection of the values is a 
trade-off betWeen the storage media capabilities and a desire 
to make the transfers as fast as possible. When processing 
TFT commands, phase four operation requires the command 
sequencer state machine 410 to communicate With the 
media-side multi-mode transfer state machine 412. While 
the media-side multi-mode transfer state machine 412 is 
actively transferring data betWeen the storage media 311 and 
dual-port memory 402, the command sequencer state 
machine 410 suspends operation and continues to report 
busy status. There is no timeout associated With this phase 
of operation. 
[0094] If the extended count values of the alternative 
embodiment are implemented, the command sequencer state 
machine 410 repeats the S-phase process as many times as 
necessary to ful?ll the total required transfer siZe. This is 
desirable because current ATA storage media alloW only an 
8-bit count value in any given task ?le operation, and so can 
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transfer no more than 256 blocks for any given command. 
The extended count feature is implemented When using, for 
example, a SCSI host interface. Asingle SCSI command can 
request as many as 4 billion blocks (a 32-bit value), far 
exceeding the capability of a single ATA storage media. 

[0095] The media-side multi-mode transfer state machine 
412 transfers data betWeen the dual-port memory 402 and 
the media interface circuit 406. The ATA standard de?nes 
three different (and exclusive), signaling modes used for 
transferring data: PIO, multiWord DMA, and ultra DMA. 
The direction of the data transfer (to or from the storage 
media 311) is speci?ed by the current TFT command. 

[0096] Regardless of the signaling mode, the media-side 
multi-mode transfer state machine 412 repeatedly transfers 
Words of data (tWo bytes), betWeen the media port 401 and 
dual-port memory 402. If the dual-port memory 402 is full 
While transferring from the storage media 311, the data 
transfer is suspended until a location is available in the 
dual-port memory. If the dual-port memory 402 is empty 
While transferring to the storage media 311, the data transfer 
is suspended until a value has been deposited in the dual-port 
memory by the host-side transfer state machine 430. Each 
operation involving the media data register is governed by 
the data setup, enable, and hold timing parameters described 
herein above. TWo separate parameter sets are provided for 
PIO/multiWord and ultra DMA modes of operation. 

[0097] The dual-port memory 402 and the associated 
memory controller 420 are of conventional construction. 
Preferably, the dual-port memory 402 is implemented by use 
of a standard Xilinx block memory. Alternatively, a different 
dual-port memory implementation Within the FPGA is used, 
or memory outside the FPGA is used. Inputs and outputs are 
de?ned according to the current data transfer direction. 
Preferably, the dual-port memory 402 incorporates 512 
bytes of memory capacity in each media controller 301. 

[0098] The scatter/gather process is implemented in What 
is equivalent to a distributed, scalable, state machine, includ 
ing the host-side transfer state machine 430. The host-side 
transfer state machine 430 controls hoW and When data is 
transferred betWeen the media controller 301 and the host 
interface logic 310 via a payload control and sequencing 
pathWay 432 to the payload data bus 320. The host-side 
transfer state machine 430 establishes a maximum data rate 
for Which the media controller 301 is capable. The data rate 
of the total storage system 300 is limited to the least of the 
data rate of the host-side transfer state machine 430, the data 
rate of the host interface 316, and the combined data rates of 
the plurality of storage media 311. The direction of the data 
transfer (to or from the host interface) is speci?ed by the 
current TFT command. 

[0099] The parameter item “next controller’s physical 
number”, establishes the data transfer order among the 
various media controllers 301. When a media controller 301 
completes a portion of the transfer, the data ready signal is 
deasserted and the “next physical number” is broadcast to all 
media controllers 301 via the payload control and sequenc 
ing pathWay 432 to the payload data bus 320. The controller 
With the physical number corresponding to the “next physi 
cal number” takes up the transfer process, asserts “data 
ready” and transfers data as described hereinbefore. 

[0100] When transferring data to the host, the host-side 
transfer state machine 430 monitors the number of bytes 
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stored in the dual-port memory 402. When 512 bytes are 
available, the machine Waits for control of the payload data 
bus 320, and having obtained control, asserts the data 
request (data ready) signal and transfers data from the host 
interface logic 310. The payload data bus 320 includes a 
signaling technique to throttle the rate at Which data trans 
fers can occur according to the rate at Which the host accepts 
the data. 

[0101] When transferring data from the host, the host-side 
transfer state machine 430 monitors the number of empty 
storage locations in the dual-port memory 402. When 512 
byte-locations are available, the machine Waits for control of 
the payload data bus 320, and having obtained control, 
asserts the data request (data ready) signal and transfers data 
to the host interface logic 310. The payload data bus 320 
includes a signaling technique to throttle the rate at Which 
data transfers can occur according to the rate at Which the 
host provides the data. 

[0102] The mechanism used for sWitching from one media 
controller 301 to another is critical to achieving the best 
possible data transfer rate. A method in accordance With the 
invention is to provide each media controller 301 With a 
physical controller number of the media controller 301 used 
for the “next” transfer, causing the media controller 301 to 
announce the physical controller number, and then having 
each media controller 301 suspend data transfers until the 
correct physical controller number has been announced. The 
ordering is predetermined When the system is assembled and 
is immutable once determined. Whatever order is chosen for 
distributing data among the various storage media 311, that 
order must be observed When retrieving the data. Thus, the 
sequence is determined ahead of time and stored in each 
media controller 301 as a form of distributed memory, 
reducing overhead during the data transfer. When one media 
controller 301 completes a transfer, the next in line is 
enabled to perform its transfer. Each media controller 301 
transfers one 512-byte block of data and then signals another 
controller to begin its transfer. Each media controller 301 is 
numbered (0, 1, 2, . . . ) With a physical controller number, 
and each media controller holds the physical controller 
number of the next-to-transfer media controller. After the 
512-byte transfer, the media controller 301 that has just 
?nished a transfer broadcasts, on the payload control and 
sequencing pathWay 432, the number of the next-to-transfer 
media controller to all media controllers 301 present on the 
bus, and a speci?c control signal is asserted. The next media 
controller 301, When ready, assumes control of the payload 
data bus 320 and transfers another 512-byte block. The 
process is repeated until all media controllers 301 have 
transferred all their blocks. This is advantageous over a 
token-passing technique of the prior art, because With the 
invention the sequence is completely arbitrary and some 
media controllers 301 can be skipped if desired. 

[0103] The sequence in accordance With the invention 
forms a closed ring so that every media controller 301 has 
a neighbor to enable. This form of handover alloWs the 
system to be fully scalable and ?exible because any media 
controller 301 can be next after any other media controller 
301. In fact, some media controllers 301 can be left out 
altogether (to cover defective storage media or hardWare), or 
more than one media controller 301 ring can be created and 
multiple logical units can be formed. The minimum case is 
When each media controller 301 is neighbor to itself so all 
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the data is transferred to a single storage media 311. Alter 
natively, another form of handover is Wherein each media 
controller 301 is hardWired to its neighbor; thus determining 
Which media controller 301 Would be “next”. 

[0104] Normally, the storage system 300 in accordance 
With the invention provides a single logical unit to the host, 
in spite of being comprised of a plurality of media control 
lers 301. A reason to skip a media controller 301 is When the 
storage system 300 is divided into logical subsets in order to 
provide more than one logical unit to the host. For example, 
media controllers 0, 1, 2 and 3 may be grouped into one 
logical unit (Group I), and media controllers 4, 5, 6 and 7 
may be grouped into another logical unit (Group II), so that 
the host can use these tWo groups as separate storage media. 
Other reasons to skip are When a media controller 301 
becomes defective, or When a storage media 311 and a media 
controller are held in off-line reserve While replacing a 
defective storage media. The con?guration of next-media 
indicators can be changed at any time by the local micro 
processor 306, giving a high degree of ?exibility in error 
recovery. In a token passing scheme, When a prior art 
controller has an inactive storage media, or for any other 
reason is unable to operate on a command, the prior art 
controller disadvantageously stills needs to receive and pass 
control. 

[0105] The preferred embodiment of the invention realiZes 
a scatter/gather hand over time of less than one microsecond. 
Thus, the method in accordance With the invention is a 
sequential deterministic control management technique for 
data How to and from the host. This is different from disk 
array systems of the prior art, Which disadvantageously 
require a host controller that decides Which controller of a 
storage media is next to transfer. The prior art method 
constitutes localiZed control, as compared to distributed 
control of the storage system 300 in accordance With the 
invention. Furthermore, the prior art disadvantageously 
requires socket numbers, i.e., media numbers, to re-combine 
data packets. The data packets of the prior art storage 
systems arrive randomly, and, disadvantageously, an ID 
number is required Within each data packet. Then, the data 
packets must be recombined in a proper order. On the other 
hand, the storage system 300 in accordance With the inven 
tion does not use ID numbers to re-combine data packets. 
Also, in the storage system 300 in accordance With the 
invention, there is no need to include ID numbers Within the 
data packets because the data packets from the plurality of 
media controllers 301 arrive in proper sequence. There is a 
similar advantage With regard to data packets sent to the 
plurality of media controllers 301. 

[0106] The Word “transaction” means the method, at the 
storage system 300, of accepting a host data-transfer request 
(performed by the local microprocessor 306), addressing the 
appropriate storage media 311 (performed by one or more of 
the media controllers 301), transferring data (performed by 
one or more of the media controllers 301), and providing 
completion status to the host (performed by one or more of 
the media controllers 301 via the local microprocessor 306). 
In other Words, each complete host access forms a transac 
tion. For most transactions, the host computer provides the 
host logical block address (LBA) and host block count for 
transfer. 

[0107] The Word “multidrop” means the method and appa 
ratus for distributing control and data information over a bus 
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to many destinations, Where all the receiving and transmit 
ting storage media connect to the bus using identical signals. 

[0108] While there has been illustrated and described What 
are presently considered to be the preferred embodiments of 
the present invention, it Will be understood by those of 
ordinary skill in the art that various other modi?cations may 
be made, and equivalents may be substituted, Without 
departing from the true scope of the present invention. 

[0109] Additionally, many modi?cations may be made to 
adapt a particular situation to the teachings of the present 
invention Without departing from the central inventive con 
cept described herein. Furthermore, an embodiment of the 
present invention may not include all of the features 
described above. Therefore, it is intended that the present 
invention not be limited to the particular embodiments 
disclosed, but that the invention include all embodiments 
falling Within the scope of the appended claims. 

We claim: 
1. A storage system, comprising: 

a) a local microprocessor; 

b) a plurality of media controllers, all operably coupled to 
the local microprocessor; and 

c) a storage media operably coupled to each media 
controller of the plurality of media controllers, and in 
Which more than one media controller of the plurality 
of media controllers start to substantially simulta 
neously exchange data With the storage media to Which 
it is operably coupled, in response to a command from 
the local microprocessor. 

2. The storage system of claim 1, in Which the command 
from the microprocessor is simultaneously sent to all media 
controllers of the plurality of media controllers. 

3. The storage system of claim 1, in Which the plurality of 
media controllers is operably coupled to the local micro 
processor via a multi-drop parallel bus and in Which the local 
microprocessor sends the command via the multi-drop par 
allel bus. 

4. The storage system of claim 1, in Which the storage 
system is a striped storage system. 

5. A storage system controller for controlling at least one 
storage media, comprising: 

a) a local microprocessor; and 

b) a plurality of media controllers operably coupled to the 
local microprocessor via a multi-drop parallel bus, and 
in Which the local microprocessor sends simulta 
neously one command to the plurality of media con 
trollers to cause more than one media controller of the 
plurality of media controllers to substantially simulta 
neously start to eXchange data With a storage media to 
Which it is operably coupled. 

6. The storage system controller of claim 5, in Which the 
multi-drop parallel bus includes a multi-drop parallel data 
bus and in Which the local microprocessor sends the one 
command via the multi-drop parallel data bus. 

7. A storage system controller, comprising: 

a) a host interface logic; and 

b) a local microprocessor and a plurality of media con 
trollers, all operably coupled to the host interface logic 
via a multi-drop parallel bus. 
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8. The storage system controller of claim 7 in Which the 
multi-drop parallel bus further comprises a multi-drop par 
allel control bus and a multi-drop parallel data bus. 

9. The storage system controller of claim 8 in Which the 
local microprocessor sends a command to at least tWo of the 
plurality of media controllers simultaneously via the multi 
drop parallel control bus. 

10. The storage system controller of claim 8 in Which the 
plurality of media controllers transfers data to the host 
interface logic via the multi-drop parallel data bus. 

11. The storage system controller of claim 8 in Which the 
plurality of media controllers transfers data from the host 
interface logic via the multi-drop parallel data bus. 

12. The storage system controller of claim 8 in Which a 
media controller transfers data to the host interface logic and 
upon completion of such transfer, the media controller 
broadcasts a signal to cause another controller of the plu 
rality of media controllers to transfer other data to the host 
interface logic. 

13. The storage system controller of claim 12 in Which the 
media controller broadcasts the signal on the multi-drop 
parallel data bus, and in Which the media controller transfers 
the data to the host interface logic on the multi-drop parallel 
data bus. 

14. The storage system controller of claim 8 in Which a 
media controller transfers data from the host interface logic 
and upon completion of such transfer, the media controller 
broadcasts a signal to cause another controller of the plu 
rality of media controllers to transfer other data from the 
host interface logic. 

15. The storage system controller of claim 14 in Which the 
media controller broadcasts the signal on the multi-drop 
parallel data bus, and in Which the media controller transfers 
the data from the host interface logic on the multi-drop 
parallel data bus. 

16. The storage system controller of claim 7 including 
more than one storage media, each of the more than one 
storage media operably coupled to a separate media con 
troller of the plurality of media controllers, and in Which the 
local microprocessor 

a) transforms a host logical block address into a media 
logical block address, and 

b) sends the media logical block address to at least tWo of 
the more than one media controllers simultaneously via 
the multi-drop parallel bus. 

17. The storage system controller of claim 7 including 
more than one storage media, each of the more than one 
storage media operably coupled to a separate media con 
troller of the plurality of media controllers, and in Which the 
local microprocessor 

a) transforms a host block count into a media block count, 
and 

b) sends the media block count to at least tWo of the more 
than one media controllers simultaneously via the 
multi-drop parallel bus. 

18. The storage system controller of claim 7 in Which each 
media controller of the plurality of the media controllers 
comprises: 

a) a host-side transfer state machine; and 

b) a dual-port memory operably coupled to the host-side 
transfer state machine. 
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19. The storage system controller of claim 18 in Which the 
dual-port memory of each media controller of the plurality 
of the media controllers receives data from the host interface 
logic at a host interface logic rate. 

20. The storage system controller of claim 19 in Which a 
media controller includes a media interface circuit operably 
coupled to the dual-port memory, and in Which the dual-port 
memory and the media interface circuit eXchange the data at 
a different rate than the host interface logic rate. 

21. The storage system controller of claim 18 in Which the 
dual-port memory of each media controller of the plurality 
of the media controllers transmits data to the host interface 
logic at a host interface logic rate. 

22. The storage system controller of claim 21 in Which a 
media controller includes a media interface circuit operably 
coupled to the dual-port memory, and in Which the dual-port 
memory and the media interface circuit eXchange the data at 
a different rate than the host interface logic rate. 

23. The storage system controller of claim 18 in Which 
each media controller of the plurality of the media control 
lers further comprises a media-side multi-mode transfer state 
machine operably coupled to the dual-port memory. 

24. The storage system controller of claim 18 in Which 
each media controller includes a media interface circuit and 
in Which the dual-port memory and the media interface 
circuit of one media controller eXchange data at a ?rst rate 
While the dual-port memory and the media interface circuit 
of another media controller eXchange other data at a second 
rate. 

25. The storage system controller of claim 7 including 
more than one storage media, each of the more than one 
storage media operably coupled to a separate media con 
troller of the plurality of media controllers, and in Which a 
media controller broadcasts a signal to more than one of the 
other media controllers of the plurality of media controllers 
to cause the more than one of the other media controllers to 
substantially simultaneously receive a same data from the 
host interface logic for mirror storage on the more than one 
storage media. 

26. The storage system controller of claim 7 including a 
storage media operably coupled to each media controller of 
the plurality of media controllers, and in Which the local 
microprocessor sends a command to the plurality of media 
controllers via the multi-drop parallel bus, and in response 
to such command, more than one media controller of the 
plurality of media controllers substantially simultaneously 
start to eXchange data With the storage media to Which it is 
operably coupled. 

27. The storage system controller of claim 7 including 
more than one storage media, each of the more than one 
storage media operably coupled to a separate media con 
troller, and in Which the local microprocessor sends one 
command to one media controller, and, thereafter, sends 
another command to another media controller, and in 
response to such commands, the one media controller starts 
to eXchange data With one of the storage media and the other 
media controller starts to exchange data With another of the 
storage media, the starting of the one media controller being 
delayed such that the one media controller and the other 
media controller start substantially simultaneously. 

28. In a storage system controller having a plurality of 
media controllers operably coupled to a multi-drop parallel 
bus, each media controller pre-assigned a physical controller 
number, a method comprising the steps of: 
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a) providing each media controller With a neXt physical 
controller number; 

b) causing one media controller of the plurality of media 
controllers to transfer data via the multi-drop parallel 
bus; 

c) causing the one media controller to announce on the 
multi-drop parallel bus the neXt physical controller 
number; and 

d) causing another media controller of the plurality of 
media controllers to transfer data via the multi-drop 
parallel bus, Wherein the pre-assigned physical control 
ler number of the other media controller has a same 
value as the neXt physical controller number. 

29. A storage system controller, comprising: 

a) a local microprocessor and a plurality of media con 
trollers, all operably coupled to the local microproces 
sor via a multi-drop parallel bus, and in Which each 
media controller of the plurality of the media control 
lers includes: 

b) a media interface circuit; 

c) a media-side multi-mode transfer state machine oper 
ably coupled to the media interface circuit; and 

d) a dual-port memory operably coupled to the media-side 
multi-mode transfer state machine and to the media 
interface circuit. 

30. The storage system controller of claim 29 in Which the 
dual-port memory and the media interface circuit of one 
media controller exchange data at a ?rst rate While the 
dual-port memory and the media interface circuit of another 
media controller eXchange other data at a second rate. 

31. A media controller for controlling a storage media, the 
storage media having media interface protocol parameters 
stored therein, the media controller comprising: 

a) a command sequencer state machine; and 

b) a control data state machine operably coupled to the 
command sequencer state machine, for receiving the 
media interface protocol parameters from the storage 
media. 

32. A storage system controller for controlling transfer of 
data betWeen a host computer and a plurality of storage 
media, comprising: 

a) a local microprocessor; and 

b) a plurality of media controllers, all operably coupled 
via a multi-drop parallel bus, each media controller of 
the plurality of the media controllers including a 
parameter storage for storing a parameter, and in Which, 
depending upon a value of the parameter, the storage 
system controller transfers data directly betWeen one 
storage media and another storage media Without trans 
ferring the data to the host computer. 

33. The storage system controller of claim 32, in Which 
the local microprocessor changes the value of the parameter 
to initiate the transfer of data directly betWeen the one 
storage media and the other storage media, and in Which the 




